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Abstract: This paper provides an overview of the special issue on “Water policy, 
productivity and economic efficiency”. In particular, it includes an overview of key topics 
on the future of water as a productive factor, in the context of alternative uses and 
perspective scenarios. The selected papers cover a wide range of relevant economic issues 
and are presented in three categories: productivity assessment, institutional framework and 
mechanisms, and governance aspects. The paper concludes by discussing future research 
challenges in this field. 
Keywords: water policy design; economic efficiency and productivity; water markets; 
climate change; evaluation instruments 
 
1. Introduction 
Over the past few decades, water policies have undergone significant changes in many countries 
notably due to the development of national and international political, social and environmental issues, 
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including globalisation, trade liberalisation, institutional and legal requirements, changing standards of 
living, management practices and technological innovation. Policy changes include both “high level” 
views about water status and practical instruments, in particular with an emphasis on integrated basin 
management and economic policy instruments. 
Since 1992, in virtue of the Dublin Statements, the international community has officially 
recognised water as a scarce resource. Specifically, it has been asserted that water resources are 
vulnerable and not infinite [1]. 
In particular, Principle 4 of these statements defines water as an economic good. On the other hand, 
the first principle of the 1992 Rio Statements [2], that supplemented the Dublin Principles, implies that 
water is also a social good (for a “healthy and productive life, in harmony with nature”). It follows that 
the humans are entitled to at least certain levels of water, in terms of both quantity and quality, and 
from a point of view of both environmental and productive uses, under the responsibility of their 
respective governments [3,4]. 
A relevant part of the water policy literature addresses this topic mainly as an issue related to 
environmental conservation. However, water remains a major productive factor, particularly in 
agriculture. This role is made even more prominent in light of economic crises, increased competition 
across markets and climate change, as well as fossil energy limitations, which also highlight the  
water–energy nexus as a key resource issue for future economic viability. 
The delay, in the past, in recognising the economic consequences of a limited water supply, and in 
decoupling economic development from water demand and supply, has resulted in a water-dependent 
growth model, currently threatened by increasing scarcity and droughts. Consequently, there is now an 
urgent need for new perspectives in order to promote a more sustainable and efficient use of water 
resources. This calls for, on the one hand, a comprehensive understanding of water efficiency and 
productivity and, on the other hand, an investigation of the linkages among economic sectors to 
illustrate trade-offs in water reallocations. In addition, this also points to the need to study institutional 
innovations and economic evaluation instruments able to better assess policy performance and provide 
evidence for improved mechanism designs aimed specifically at water efficiency and water productivity. 
The objective of this special issue on “Water policy, productivity and economic efficiency” is to 
provide an overview of future perspectives on these issues, in the context of alternative uses and 
perspective scenarios. This set of papers mainly takes an economic perspective; in this sense, it is 
intended to be complementary to other disciplinary views and contributing to interdisciplinary approaches, 
aimed at interpreting the complexity of the relevant social and environmental issues, of great 
importance for a thorough understanding of the role of water in the welfare of society. 
The selected papers cover a wide a range of relevant economic issues, inherently linked to the fact 
that water is at the heart of sustainable human development and needs to be studied from multiple 
perspectives. This introductory paper is organised as follows: in Section 2, we briefly outline the main 
themes from the special issue that have been emphasised in the international literature. Based on this, 
we then propose a reasoned analysis of the contributions of this special issue (Section 3), as the basis 
of a discussion of selected future scientific challenges in this field (Section 4). 
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2. Changing Context and Research Challenges 
Integrated water management has been a cornerstone of the water literature and water policy trends 
for many years. The complexity of integrated water management and the variety of scales and perspectives 
of analysis was exacerbated at the beginning of this century by a number of issues related to population 
growth, climate change and resource limitations, in the context of an increasingly complex world 
economy [5]. For the agricultural sector in particular, which is the most important sector with respect 
to water use in many countries, the challenge of feeding a growing population has become a key issue 
in the agenda, while at the same time, the farming sector has proved to be the sector most exposed to 
climate change [6]. In reconciling these needs, water productivity is a key topic, particularly in water 
scarce areas (see e.g., [7]). Water also affects the productivity of other resources, such as soil and 
fertilisers. For agriculture as a whole, in order to face these needs, new productivity-related concepts, 
such as sustainable intensification, are emerging [8]. 
A key emerging topic is the water–agriculture–energy nexus (in turn connected to climate change), 
in which agriculture uses water for food production, as well as for producing feedstocks for renewable 
energy production, both of which are affected by climate change and, in turn, can affect climate change 
through emissions of GHG gasses [9]. The development of the bioeconomy could increase the 
relevancy of this issue by extending the role of agriculture to the production of feedstocks for biobased 
industries, potentially increasing pressures on water (or dependency on water availability) and  
trade-offs with other sectors. 
In order to come to terms with this context, together with water allocation issues (e.g., minimum 
vital flow) and supply side measures (e.g., water reservoirs), water policy is increasingly focused on 
increasing water efficiency [10]. The direction taken by the European Commission is a good example. 
It has recently developed a comprehensive strategy aimed at improving water efficiency. This strategy 
provides, in addition to pricing and cost recovery policies, a number of additional actions, such as: 
“water accounts”, at basin and sub-basin levels, to increase the information base on which to build 
locally specific measures; “water stress targets and indicators”, developed for each relevant sector 
(industry, energy production, agriculture, households, etc.), in order to avoid possible rebound effects; 
“Eco-Design guidelines”, to promote more efficient water devices and products on the market, clearly 
labelled on the basis of their efficiency; “irrigation efficiency measures” in the CAP, including 
“minimum water use reductions”; “best practices on Sustainable Economic Leakage Levels” to adapt 
water infrastructure to climate change; and water trading guidelines, to help the development of water 
trading in the Member States that choose to employ it [10]. 
These areas of intervention not only demonstrate the variety and complexity of the issues at stake, 
but also touch upon a number of open issues for research. An example is the concept of “efficiency and 
productivity”. First, efficiency can have different disciplinary perspectives ranging from crop 
physiology to economics [11]. Second, different definitions exist of both water productivity and water 
efficiency and their appropriate application depends on different scales and domains of water  
use [12,13] and on the different meanings assigned to these concepts [14]. Taking into account these 
differences in meaning and avoiding an overly standardised and simplified use of these complex 
concepts would help to minimise the risk of justifying policies and projects that ignore the specificities 
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of local contexts and underestimate relevant social and environmental trade-offs between different 
water uses and different water users. 
Another example is that of the different scales and perspectives of analysis. While the farm scale is 
a typical case for agriculture, attention to agricultural systems is also important, and the basin scale has 
become a key scale of analysis in order to account for inter-sector connections, whilst maintaining a 
clear relationship with a meaningful hydrological unit. However, over time, the interconnections 
among economic activities and the emergence of global phenomena such as climate change have led to 
an increasing number of modelling exercises using even regional, national or global scales (see  
e.g., [15–17]). Different scales may yield completely different pictures due to interconnections among 
sectors, but also highlight the urgency for compensation and displacement effects. 
While there are numerous ways to encourage water using sectors to move in the right direction, the 
key issue is how to make this happen via appropriate incentives that are ultimately connected to policy 
instruments and governance systems. In particular, both economic policy instruments and appropriate 
governance settings have attracted the attention of economists in recent years, in part due to the 
coming into force of major legal instruments promoting tangible change, such as the Water Framework 
Directive [18]. 
A good deal of attention has been attracted by putting in place appropriate price setting 
mechanisms, as a means of incentivizing efficiency in water use [10,19]. Research in this field is still 
characterised by several open issues and is largely driven by the discrepancy between ideal water 
prices and actual prices for use (particularly with respect to volumetric pricing). 
On the other hand, the changing context referred to above is starting to challenge established ways 
of looking at water policy. Issues include: the increased dynamics of water use technologies, which is 
linked to the renewed emphasis on innovation; the need to consider wider economic effects beyond 
simple profit for businesses, including overall sector viability; the consideration of wider flows of 
water (e.g., virtual water), the interconnection with social and ethical issues related to water 
distribution; soft factors such as governance; and social innovation, and uncertainty. Scale is of 
particular importance as is the consideration of the interlinked effects of different policy areas, which 
require a comprehensive view of water and the economy as a whole [20]. 
Based on these innovative themes, which have been progressively grafted onto the more established 
ones, a non-exhaustive list of relevant topics has been compiled, including: (i) economic analysis of 
experiences and open issues related to innovative water management for crop production; (ii) the 
production and efficiency effects of innovative policy instruments and mechanisms; (iii) ex-post and  
ex-ante policy evaluation approaches, methods and tools, and their application to cost-benefit and  
cost-effectiveness analyses of water policy measures from the point of view of economic efficiency 
and productivity; (iv) the efficiency effects of coordination between water policy and specific sector 
policies; (v) water policy and the viability of economic sectors in the context of drought and climate 
change management; (vi) water policy and wider economic and social issues; and (vii) water policy 
and competitiveness. 
The proposals submitted partially cover the range of suggested topics. Among these, nine were 
selected, the contents of which are analysed in the following section. 
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3. The Main Contribution of this Special Issue 
The nine selected works can be divided into three categories, which are the three main areas of the 
theme “Water Policy, Productivity and Economic Efficiency”, namely: “Productivity assessment”, 
“Institutional framework and mechanisms” and “Governance aspects”. 
The first category is represented by two works on the assessment of water productivity, the first at 
farm level and the second at the sectorial comparison level. In [21], Wichelns asks whether, given the 
complexity and uncertainty inherent in the farm’s strategic decisions, maximizing the productivity of 
water is coherent with farm level goals. Based on the analysis of published production functions, he 
concludes that the estimates of water productivity contain too little information to improve the 
understanding of water management at the farm level. 
In [22], Perez Blanco and Thaler estimate the intertemporal water productivity by way of the 
Hypothetical Extraction Method. The work confirms the existence of a productivity gap between 
agriculture and other sectors that are still largely dependent on agricultural production. The results 
suggest the existence of a “Verdoorn’s Law” (a positive relationship between the growth of output and 
the growth of productivity) effect for water. 
The second, and largest, category includes contributions aimed at investigating the issue of the 
productivity and efficiency of water, with reference to the various policy instruments and allocation 
mechanisms. These can be defined as the set of institutional frameworks and rules that determine the 
amount of water that users have the right to use: basically, markets and public administration. Each 
institutional setting provides water through a pricing mechanism (volumetric, not volumetric, etc.). 
The interest in this topic is notoriously linked to the fact that water possesses, as an economic good, 
unique characteristics that make its allocation particularly complicated. This category includes six 
studies. Two of these are focused on the analysis of efficiency of the institutional framework of the 
water market. In [23], Ming-Feng Hung et al., using an agent-based model simulation, estimate the 
potential economic benefits of implementing an innovative system of water trading in the Choushui 
River basin (Taiwan) where agriculture is highly developed and domestic/industrial water demands 
have increased rapidly. The particularity of this model stems from the fact that it was designed 
according to “locational water rights”, taking into account the river flow’s unidirectionality. 
In [24], Zeng et al., develop a two-stage inexact credibility-constrained programming (TICP) 
method for identifying the efficiency of water trading under multiple uncertainties. On the basis of a 
real case of water resource allocation management and planning (in the arid region of Kaidu-kongque 
River Basin, Northwest China), the paper shows that, under some designated situations, trading is 
much more optimal and effective than non-trading, in terms of economic benefits and in terms of 
incentives for adopting water saving policies. 
The other four papers in this group are placed within the framework of public water in Europe and 
investigate aspects of water management, more or less closely related to the rules laid down by the 
Water Framework Directive (WFD) 60/2000. 
In [25], Galioto et al., explore how agricultural water pricing could contribute to lowering  
water demand under asymmetric information (when uses are unobserved). The study applies a  
Principal-Agent model, implemented as a mathematical non-linear programming model to the pricing 
policies of a Reclamation and Irrigation Board in Northern Italy. Given the current pricing structure 
Water 2014, 6 2974 
 
 
and assuming zero transaction costs, the paper compares the performance of both an actual regulator’s 
goals and the cost recovery objective of an ideal regulator driven by WFD principles. The results show 
a relevant increase in net benefits for the ideal scenario with respect to the actual one as water use costs 
increase. However, the existence of non-zero transaction costs related to the control of water uses 
points to the need for further research. 
In [26], Galioto et al., develop a procedure consistent with the guidelines of the Directive. The 
assessment methodology takes into account the interdependencies between water bodies and the 
interactions between measures and pressures. The cost-effectiveness analysis, integrated into a cost-benefit 
analysis, makes it possible to select an efficient combination of measures, to evaluate the economic 
viability of the actions and to identify the areas where disproportionate costs are more likely to occur. 
Disproportionality tends to increase from foothill regions to plain areas, where the sources of pressure 
are most frequently located. 
In [27], Giraldo et al., evaluate the implementation of a volumetric and cost-recovery pricing 
method for irrigation water under symmetric information conditions. In the first step, a cost function 
(translog) was estimated for irrigation water supplied by a water user association to a typical 
Mediterranean agricultural area. In the second step, the economic impact of a pricing method designed 
according to this cost function was simulated using a mathematical programming territorial model for the 
same agricultural area. The authors conclude that a performance assessment of pricing methods must 
take into account differences in implementation costs, as it is possible that an inefficient per-area 
pricing method could outperform an efficient volumetric pricing method. 
In the sixth and final paper of this group, which is mainly a methodological one [28], Christos 
Mattas et al., adopt the DPSIR (Driving forces, Pressures, States, Impacts, Responses) framework to 
investigate the main causes and origins of pressures (overexploitation of aquifers, water quality 
degradation, and decreases in river discharge) to optimize the measures for sustainable management of 
water resources in that basin. The application of the DPSIR analysis links the socioeconomic drivers to 
the water resource pressures, the responses based on the WFD and the national legislation, hence 
demonstrating that this model is a useful tool for land-use planning and decision making in the area of 
water protection. 
The third category includes the study of Asquer, who investigates various less-studied issues related 
to governance in the water sector. In [29], the author explores the behaviour of institutions responsible 
for the regulation of water services at the local level. In particular, using a Q-methodology on the 
opinions expressed by elected public officials, this study shows the multiplicity of subjective points of 
view regarding the design of local water policies in Italy. It helps to explain the frequent changes and 
instability in the overall regulatory design including, for example, the formulation of tariff rules. 
4. Final Remarks and Outlook 
The main messages from this special issue reinforce several well-established notions about current 
research in the field of water policy. In the face of a number of major world challenges, new solutions 
must be sought for water management. Such solutions must go beyond the traditional trade-off 
between economic and environmental values in order to find innovative solutions to reconcile 
productive/economic aims and environmental/resource conservation objectives. 
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A number of new concepts are emerging in this direction, including sustainable intensification and 
the quest for win-win solutions. The pathway is not straightforward, yet some specific research 
challenges may be identified from the collection of papers in this special issue, along the same lines as 
the classification of papers reported above. 
First, there is the issue of properly representing technologies linking water and its physical 
productivity. Even basic concepts in economics (such as production functions) are not easily usable 
when it comes to numerical exercises, largely due to the lack of data, but also because of the 
difficulties in capturing variability over time and space for the actual performance of technology. In 
addition, the prominence of technological innovation tends to accelerate the pace of change of such 
relationships. The solutions to this challenge seem to rest in a mix of awareness of the basics (e.g., well 
established analysis tools and theory, transparent assumptions and first-hand experience of reality) and 
new techniques to account for dynamics and variability, or to measure relevant relationships. 
Second, there is the challenge of attaching economic values to water uses, given their connection to 
monetary or non-monetary evaluations of non-market goods, or to the economic effects of water use 
throughout the economy. As this is strictly connected to the provision of proper incentives, it is clearly 
a major point of departure for economic research related to policy design and decision making. 
However, it is also connected to the significant challenge inherent in policy analysis, which is to 
properly represent agents’ behaviour and the effects of policy on this behaviour. The existing analyses 
concerning the water sector seem to suffer from the simplification of neoclassical approaches and 
challenges when seeking appropriate solutions to better represent the real world. 
Third is the issue of achieving results through appropriate governance at different levels and the 
integration of different stakeholders’ viewpoints, and which ultimately goes beyond economic values 
and social, political and ethical issues. In spite of the emphasis given to participatory processes in  
water-related decision-making, research on appropriate procedures and tools is lacking. 
From the point of view of economic research, the challenge is the growing need to address these 
three challenges contemporaneously. This justifies increased attention being dedicated to mixed-method 
approaches and the use of integrated modelling approaches. 
Even in the absence of concerted efforts, individual studies increasingly emphasise the tension 
between very specialised and focused tools, very specific policy mechanisms and maintaining a clear 
vision of the overall picture. This will likely remain a distinct feature of water policy research in the 
years to come. 
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